Introduction
Rice is a major food staple in the world, and provides food for more than one-third of the global population. The major rice-producing countries of Asia account for more than half of the global population and rice provides nearly 30% of their daily caloric intake [1] . The monitoring and mapping of paddy rice in a timely and efficient manner is very important for governments and decision makers. However, rice is a crop that loves a humid and warm environment and mainly grows in cloudy and rainy regions, which leads to difficulty in optical remote sensing data acquisition. With its advantages of all-weather imaging, independent of illumination, and high repeat coverage, Synthetic Aperture Radar (SAR) has been proved to be a significant data source in rice monitoring.
Rice mapping with SAR is operational now in most countries in southeast Asia. Many successful studies on rice mapping with multi-temporal SAR data have been completed because of the unique temporal backscatter signature of rice, which changes abruptly as the rice grows above the flooded soil [2] [3] [4] . Bouvet and Le Toan developed an operational method for timely rice mapping using ENVISAT/ASAR wide-swath data by exploiting the outstanding temporal behaviour of rice backscatter [5] . On the other hand, owing to the great difference between horizontal (HH) and vertical (VV) polarizations caused by the vertical structure of rice, Chen and Li [6] and Bouvet et al. [7] developed rice mapping methods using the polarization ratio (HH/VV) at the C band. These approaches allow accurate rice identification; however, all these methods for rice mapping use multi-temporal single or multi-polarization data, which can be described generically as 'images', as they do not include the relative phase between the two received channels. Consequently, the previous analysis options are restricted essentially to ratios or differences of their respective images. When the relative phase is retained between the two received polarizations, polarimetric SAR data are obtained, which are sufficient to calculate the covariance matrix that corresponds to the polarimetric degrees of freedom for each type of SAR. In contrast to elemental imagery, such matrices are an entirely different class of data product. They embrace a quantitative measurement of the (relative) phase and amplitudes of the backscattered data, in marked contrast to simple radar brightness [8] . Recently, compact polarimetry (CP) has been suggested as an alternative SAR configuration to maintain swath coverage while require that the relative phase between the two received polarizations be retained [9] , in contrast to conventional 'dual-polarized' SARs in which the relative phase is not available. Many investigations have confirmed that CP data are promising for various applications [8] . The objective of this study was to explore the potential of polarimetric and compact SAR data in rice identification.
Test site and data source

Test site
The test site was located in Jinhu (33°15'22.33"N～32°58'35.00"N，118°49'39.97"～119° 6'51.67"), Jiangsu Province, east of China, with an area of 600 km 2 ( Figure 1 ). The terrain is flat, with the average altitude being about 10 m. The size of rice field parcels was about 1700 m 2 . The climate belongs to the transition region between the subtropical and the temperate zones, with four distinct seasons. The daylight hours can be up to 2400 every year and the annual average temperature is about 13 to 16 o C. The precipitation is about 800 to 1200 mm every year, and more than half of the precipitation occurs from June to September. The soil type of this region is yellow brown clay, which is favourable for the development of rice plants. There is one rice crop a year, with the growth cycle being about 150 days, from early May to late October. There are two rice planting methods, transplanting and direct sowing, which produce two different rice field structures ( Figure 2 ) and have a certain impact on rice yields.
Data source
During the rice growing season in 2012, multi-temporal RADARSAT-2 polarimetric data were acquired. The details of SAR data are displayed in Table 1 . The polarimetric SAR data were then used to simulate CP data, transmitting right circular polarization (R) and receiving horizontal (H) and vertical (V) polarizations in order to explore the potential of compact SAR in rice identification. The noise floor of the simulated CP data was -25dB and the resolution was 30 m. A ground campaign was also conducted in the growing season. Forty-one sample plots were selected, covering 29 transplanted rice fields and 12 direct-sown rice fields. The distribution of the sample plots is shown in Figure 1 . Field data were collected from three representative rice plants in each sample plot, including the variety, crop calendar, phenological stage, plantation geometry, plant structural information (plant height, number of leaves, leaf length and width, and number of stems and ears), and plant biomass (dry and wet weight). 
Results
Backscatter behaviour
In the image acquired on June 27, 2012(seedling stage), transplanted and direct-sown rice showed the largest difference than at the other four dates. Figure 3 shows transplanted and direct-sown rice fields in the polarimetric SAR image acquired on June 27, 2012, and Figure 4 presents the corresponding simulated CP image. It can be seen that the two kinds of rice fields showed some difference in the polarimetric SAR image. Transplanted rice was much darker than direct-sown rice, because there was some water in the transplanted rice fields, but only soil in direct-sown rice fields. In the simulated compact SAR image, the two kinds of rice fields showed a great difference. Transplanted rice fields had great backscatter in RL polarisation, in a green colour, while direct-sown rice fields had great backscatter in RR, in a pink colour. The results indicated that CP data were better for the discrimination of the two kinds of rice fields. Figure 5 provides the backscattering coefficients in linear polarizations (HH, HV, VH, and VV) and compact polarizations (RH, RV, RR, and RL). Urban area and water can be discriminated from other features because of the large difference (≥3 dB) in backscattering coefficients [2] . Forest and lotus root could be identified by their differences in various polarizations. The HH/HV and VV/VH ratios were promising for forest and lotus root identification, respectively. The differences between transplanted and direct-sown rice fields in linear polarisations were no more than 3 dB, so the two kinds of rice fields could not be discriminated. However, they showed a great difference in RH polarization, about 5 dB. In addition, the RH/RL ratio was helpful for the discrimination of the two kinds of rice fields.
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Scattering mechanisms
Polarimetric decomposition [10] [11] was applied for scattering mechanism analysis. Figure 6 shows the distributions of the two kinds of rice fields in a Cloude H-α plot [10] . Transplanted rice fields were mainly in the medium-entropy volume scattering and double bounce region, while direct-sown rice fields were mainly in the low-and medium-entropy surface scattering region. The two kinds of rice fields showed a great difference in scattering mechanisms. Figure 7(a) gives the result of FreemanDurden decomposition [11] based on polarimetric SAR data of June 27, 2012. Due to the great difference in scattering mechanisms, transplanted rice and direct-sown rice showed a great difference in the image of Freeman-Durden decomposition. The m-delta decomposition for CP data was very similar to the Freeman-Durden decomposition [8] . The m-delta decomposition could also be used to discriminate between transplanted and direct-sown rice ( Figure 7[b] ), but the result was not as good as the Freeman-Durden decomposition.
Conclusion
RADARSAT-2 polarimetric data of a rice-growing region in China were used to simulate CP mode data. The potential of polarimetric and compact SAR data in rice identification were then evaluated.
The results indicate that polarimetric SAR can be used for rice identification based on the scattering mechanisms. The compact polarization RH and the RH/RL ratio are very promising for the discrimination of transplanted and direct-sown rice. These initial results emphasise the value of polarimetric data and compact polarimetry data for rice identification. These results require verification and improvement in further research.
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